An Investigation of Water Potential of Lake Eğirdir, Turkey  by Keskin, M. Erol et al.
 Procedia Earth and Planetary Science  15 ( 2015 )  244 – 248 
1878-5220 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
doi: 10.1016/j.proeps.2015.08.060 
Available online at www.sciencedirect.com
ScienceDirect
7KH:RUOG0XOWLGLVFLSOLQDU\(DUWK6FLHQFHV6\PSRVLXP:0(66
$Q,QYHVWLJDWLRQRI:DWHU3RWHQWLDORI/DNH(÷LUGLU7XUNH\
0(URO.HVNLQD'LOHN7D\ODQD7HYILN$VODQEDúD 
aCivil Engineering Department, Suleyman Demirel University, Isparta, Turkey 
$EVWUDFW

5HFHQW LQFUHDVH LQXUEDQSRSXODWLRQZDWHUSROOXWLRQGXH WR LQGXVWULDOL]DWLRQDQGFOLPDWHFKDQJHV UHYHDOHG WKHQHHG WR UHYLVLW
ZDWHUXWLOL]DWLRQSROLFLHVWRXVHZDWHUUHVRXUFHVDGHTXDWHO\UHGRFULWLFDODQDO\VLVIRUH[LVWLQJSUHYHQWLRQSODQVDQGSUHSDUHQHZ
SUHYHQWLRQSODQV,QWKHSUHVHQWVWXG\FXUUHQWVWDWHRIWKHZDWHUSRWHQWLDOVRI(÷LUGLUUHJLRQORFDWHGDWODNHVUHJLRQLVLQYHVWLJDWHG
LQ WHUPV RI SUHFLSLWDWLRQ WHPSHUDWXUH HYDSRUDWLRQ DQG ZDWHU OHYHO FKDQJH E\ XVLQJ WKH PRQWKO\ DQG DQQXDO GDWD DYDLODEOH
7KHUHIRUH WKH GDWD LV SURFHVVHG E\ XVLQJ5XQ KRPRJHQHLW\ WHVW0DQQ.HQGDOO DQG 6HQ$QDO\VLV ,Q DGGLWLRQZDWHU EXGJHW
DQDO\VLV LV FDUULHG RXW IRU /DNH (÷LUGLU ,W LV IRXQG WKDW DQDO\VLV UHVXOWV DQG ZDWHU EXGJHW UHVXOWV RYHUODS IRU /DNH (÷LUGLU
3URYLGHG SUHYHQWLYH PHDVXUHV DUH QRW WDNHQ LPPHGLDWHO\ DW WKH HQG WKH\ DUH RI \HDU SHULRG /HYHO RI /DNH (÷LUGLU LV
HVWLPDWHG WR GHFUHDVH DQQXDOO\ E\  7R SUHYHQW WKH ZDWHU OHYHO GHFUHDVLQJ LQ /DNH (÷LUGLU VRPH QHFHVVDU\ SUHFDXWLRQV
VKRXOGEHWDNHQLQDFWLYHXQGHUJURXQGUHVRXUFHVVKRXOGEHDFWLYDWHGLUULJDWLRQODQGVZKLFKXVHZDWHUIURP/DNH(÷LUGLUVKRXOG
QRWEHDOORZHG IXWXUHZDWHU VWRUDJHZLWKLQ WKH UDLQIDOOZDWHUVKHGVKRXOGEHSUHYHQWHG WKH ODQGV WKDWKDYHVKRZQQRVLJQVRI
GHYHORSPHQWDQGZKLFKDUHH[SHFWHGWRQRW LPSURYHLQWKHIXWXUHVKRXOGEHGHWHFWHGDQGWKHVHODQGVVKRXOGEHUHPRYHGIURP
IXWXUHLUULJDWLRQSODQVHIILFLHQWPHWKRGVRIHFRQRPLFDOXVHRIZDWHUUHVRXUFHVIRUWKHFXUUHQWO\FXOWLYDWHGLUULJDWHGODQGVVKRXOG
EH H[SORUHG DQG GHYHORSHGPHWKRGV RI HFRQRPLF XWLOL]DWLRQ RI ZDWHU VKRXOG EH SHUIRUPHG WKURXJKRXW WKH XVH RI LQWHOOLJHQW
IDUPLQJ
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI:0(66
Keywords:3UHFLSLWDWLRQ7HPSHUDWXUH(YDSRUDWLRQ:DWHU/HYHO(÷LUGLU/DNH

,QWURGXFWLRQ

7KHUH DUH IRXU PDLQ UHJLRQV KDYLQJ ZDWHU SRWHQWLDO LQ 7XUNH\ ZKHUH WKH ODNHV DUH FRQFHQWUDWHG *|OOHU 5HJLRQ
(÷LUGLU/DNH%XUGXU/DNH%H\úHKLU/DNHDQG$FÕJ|O/DNH6RXWK0DUPDUD6DSDQFD/DNHø]QLN/DNH8OXEDW


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:HURONHVNLQ#VGXHGXWU
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
245 M. Erol Keskin et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  244 – 248 
/DNHDQG.Xú*|OOHUL/DNHV9DQ/DNHDQGLWVXUURXQGLQJVDQG7X]/DNHDQGLWVVXUURXQGLQJV*|OOHU5HJLRQOLHV
LQ,VSDUWD(÷LUGLU/DNHLVWKHVHFRQGODUJHVWIUHVKZDWHUODNHLQ7XUNH\ZKLOH%H\úHKLU/DNHLVWKHODUJHVW(÷LUGLU
/DNHLVIHGE\SUHFLSLWDWLRQRYHUWKHODNHODNHEDVLQVXUIDFHIORZDQGVXEVXUIDFHIORZLQFOXGLQJWKHVSULQJV:DWHU
ORVV LV GXH WR WKH VRXWKHUQ RXWOHW RI WKH ODNH HYDSRUDWLRQ GROLQH DQG V\QWKHWLF RXWIORZ LUULJDWLRQ HQHUJ\
SURGXFWLRQDQGGRPHVWLFZDWHUXWLOL]DWLRQ>@
7KHIDFWRUVFRQWULEXWLQJWRWKHGHFUHDVHVDUHLRYHUXWLOL]DWLRQRIWKHZDWHURI(÷LUGLU/DNHE\WRRPDQ\SURMHFWV
LL H[LVWHQFH RI XQXWLOL]HG VXEVXUIDFH ZDWHU VRXUFHV LLL SHUPLWWLQJ RYHU VWRUDJH RYHU WKH UDLQ IDOO EDVLQ LY
ZDVWLQJRI LUULJDWLRQZDWHU LQPDMRULW\RIIDUPVGXH WR WKHXVHRIZURQJ LUULJDWLRQ WHFKQLTXHVDQGY WKH ODFNRI
HFRQRPLFDOZDWHUXWLOL]DWLRQGXHWRWKHIDLOXUHLQSODQQLQJDQGXVHRILQWHOOLJHQWIDUPLQJWHFKQLTXHVDQGSROLFLHV
,QWKHSUHVHQWVWXG\LWLVLPSHUDWLYHWRREWDLQHVWLPDWHVRQWKHVWDWHRIWKHODNHVHQFRPSDVVLQJWKH\HDUSHULRG
E\HPSOR\LQJWKHPRQWKO\DQGDQQXDODQDO\VHVRIWKHGDWDREWDLQHGIURPWKHREVHUYDWLRQVWDWLRQVRQWHPSHUDWXUH
SUHFLSLWDWLRQHYDSRUDWLRQDQGZDWHUOHYHOFKDQJHLQSDUDOOHOWRJOREDOZDUPLQJ
7KHUH ZHUH REWDLQHG DQQXDO DQG PRQWKO\ GDWD IURP REVHUYDWLRQ VWDWLRQV DOVR WHPSHUDWXUH SUHFLSLWDWLRQ
HYDSRUDWLRQDQGZDWHUOHYHOFKDQJHRI(÷LUGLU/DNHLVXVHGLQ5XQKRPRJHQHLW\WHVW0DQQ.HQGDOOWHVWDQG6HQ
$QDO\VLVWRXQFRYHUWKHWUHQGVLQWHPSHUDWXUHSUHFLSLWDWLRQHYDSRUDWLRQDQGZDWHUOHYHOFKDQJHRI(÷LUGLUODNHRYHU
WKHFRXUVHRI\HDUSHULRG

,QYHVWLJDWLRQRI(÷LUGLU/DNH

$QQXDO DQG PRQWKO\ GDWD DUH JDLQHG IURP WKH 6WDWH 0HWHRURORJ\ *HQHUDO 'LUHFWRUDWH DQG 6WDWH :DWHU :RUNV
*HQHUDO'LUHFWRUDWHRI7XUNH\$PRQJWKHDOOGDWDUHFHLYHGZLWKWKHLQWHUYDOVPDWFKLQJWKHVDPHWLPHSHULRGVDUH
WDNHQLQWRDFFRXQW/DWHUWKHKRPRJHQHLW\RIWKHGDWDLVFKHFNHGE\XVLQJWKH5XQWHVW,IWKHGDWDREWDLQHGIURPDQ
REVHUYDWLRQVWDWLRQKDVDPRQRWRQLFDOO\LQFUHDVLQJRUPRQRWRQLFDOO\GHFUHDVLQJFKDUDFWHULVWLFWKHQWKHVHULHVFDQEH
VDLG WR KDYH D PHDQLQJIXO WUHQG 7R GHWHUPLQH WKH WUHQGV RQ DQQXDO DQG PRQWKO\ WHPSHUDWXUH SUHFLSLWDWLRQ
HYDSRUDWLRQDQGZDWHUOHYHOFKDQJH0DQQ.HQGDOORUGHUFRUUHODWLRQFRHIILFLHQWPHWKRGLVXVHG,QFDVHRIDOLQHDU
WUHQGLQWKHVHULHVWKHOHYHORIFKDQJHLVGHWHUPLQHGE\XVLQJWKH6HQ0HWKRG6HULHVREWDLQHGIURPWKHUDZGDWDDUH
ILUVWYLVXDOO\LQVSHFWHG7KHVLJQLILFDQFHRIWKHLQFUHDVHRUGHFUHDVHLQVHULHVLVGHWHUPLQHGE\XVLQJ0DQQ.HQGDOO
RUGHUFRUUHODWLRQFRHIILFLHQWPHWKRGLQĮ VLJQLILFDQFHOHYHO7KLVWHVWFRPSDUHVWKHUHODWLYHPDJQLWXGHVUDWKHU
WKDQWKHDEVROXWHPDJQLWXGHV*LOEHUW

2.1. Data Analysis  
&OLPDWHGDWDLVLQKHUHQWO\UDQGRPWKHUHIRUHDQLQYHVWLJDWLRQRIPRQRWRQLFGHFUHDVHRULQFUHDVHGHULYHGIURPVXFK
GDWD QHFHVVLWDWHV WKH XVH RI VSHFLDO WHFKQLTXHV +HOVHO DQG +LUVFK   7KURXJK VWDWLVWLFDO WUHQG WHVWV WKH
K\SRWKHVLV RQ ³WKH H[LVWHQFH RI D WUHQG LQ WKH DQDO\]HG GDWD´ LV FKHFNHG DQG D ILQDO GHFLVLRQ LVPDGH7KH ILQDO
GHFLVLRQGHSHQGVRQWKHVHOHFWHGPHDQLQJIXOQHVV OHYHO%D\D]ÕWHWDO0HDQLQJIXOQHVV OHYHO LVHTXDO WR WKH
RXWFRPHRI WKHH[LVWHQFHRID WUHQG7KHUHDUHPDQ\ WHVWV WKDWFDQEHHPSOR\HGRQD WLPH VHULHVRUDGDWD VHW WR
GHWHUPLQHWKHWUHQGDQGH[SUHVVLWTXDQWLWDWLYHO\*UDSKLFDOPHWKRGOLQHDUUHJUHVVLRQ0DQQ.HQGDOO7HVWDQG6HQ
7HVWDUHWKHPHWKRGVXVHGLQGHWHFWLRQDQGDQDO\VLVRIWUHQGV%UDXQHU$OWKRXJKHDFKPHWKRGKDVLWVFRQV
DQGSURVWKHPHWKRGWKDWILVWVWKHEHVWWRWKHGDWDDWKDQGVKRXOGEHHPSOR\HG*UDSKLFDOUHSUHVHQWDWLRQRIWKHGDWD
LVDSSURSULDWHWRVKRZWKHJHQHUDOWUHQGV\HWLWLVQRWVXIILFLHQWLQWKLVFDVH,WLVSRVVLEOHWRPDNHWUHQGHVWLPDWLRQ
E\XVLQJOLQHDUUHJUHVVLRQ)XUWKHUPRUHLWFDQEHHPSOR\HGIRUPXOWLSOHLQGHSHQGHQWYDULDEOHVEXWLWFDQQRWEHXVHG
WR ILQG KLGGHQ YDULDEOHV ,Q DGGLWLRQ LW LV DIIHFWHGE\ WKH VWDWLVWLFDO GLVWULEXWLRQ RI WKH GDWD0DQQ.HQGDOO WUHQG
DQDO\VLV WROHUDWHV LQFRPSOHWH GDWD DQG LW GRHV QRW UHTXLUH DQ\ SDUWLFXODU VWDWLVWLFDO GLVWULEXWLRQ WKHUHIRUH LW LV
H[WUHPHO\FRQYHQLHQW<XHWDO
,Q WKH SUHVHQW UHVHDUFK DQQXDO DQGPRQWKO\ DQDO\VHV RI WHPSHUDWXUH SUHFLSLWDWLRQ HYDSRUDWLRQ DQGZDWHU OHYHO
FKDQJH GDWD RI (÷LUGLU /DNH DUH REWDLQHG IURP 6WDWH 0HWHRURORJ\ *HQHUDO 'LUHFWRUDWH DQG 6WDWH:DWHU:RUNV
*HQHUDO'LUHFWRUDWH7KHVHGDWDVHWVDUHILUVW WHVWHGIRUKRPRJHQHLW\ LQDSURFHVVRIGDWDTXDOLW\FRQWURODQG ODWHU
WUHQG DQDO\VHV DUH SHUIRUPHG RQ VXIILFLHQWO\ KLJK TXDOLW\ GDWD VHWV 5XQ WHVW LV XVHG IRU KRPRJHQHLW\ FKHFN DQG
GLVWULEXWLRQLQGHSHQGHQWQRQSDUDPHWULF0DQQ.HQGDORUGHUFRUUHODWLRQDQG6HQ7HVWVDUHXVHGIRUWUHQGDQDO\VLV
 
2.1.1. E÷irdir Lake 
:DWHUOHYHOGDWDRI(÷LUGLU/DNHIRUDSHULRGRIWRLVDQDO\]HGE\XVLQJ5XQWHVWDQQXDOZDWHUOHYHOGDWD
DQGE\0DQQ.HQGDOODQG6HQPHWKRGVDQQXDODQGPRQWKO\GDWD
246   M. Erol Keskin et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  244 – 248 

2.1.2. Run Test 
$QQXDOZDWHUOHYHOGDWDDQG5XQWHVWUHVXOWVIRU(÷LUGLU/DNHLVJLYHQLQ7DEOH6LQFH] YDOXHLVRXWRI
EDQGWKHVHULHVLVQRWZLWKLQFRQILGHQFHLQWHUYDODQGWKHVHULHVLVQRWKRPRJHQHRXV:DWHUOHYHOWUHQG
JUDSKRI(÷LUGLU/DNHEHWZHHQDQGDUHSUHVHQWHGLQ)LJXUH

 7DEOH$QQXDOZDWHUOHYHOGDWDDQG5XQWHVWUHVXOWVIRU(÷LUGLU/DNH
0HGLDQ U 1 1$ 1% ]
     


)LJXUH*UDSKLFUHSUHVHQWDWLRQRIDQQXDOZDWHUOHYHOWUHQGRI(÷LUGLU/DNHIURPWR

  7DEOH0DQQ.HQGDOO=YDOXHVIRU(÷LUGLU/DNHIURPWRIURPDQQXDODQGPRQWKO\ZDWHUOHYHOGDWD
7LPHVHULHV )LUVW\HDU /DVW\HDU Q 7HVW6 7HVW= 0HDQLQJIXOQHVV
2FWREHU      
1RYHPEHU      
'HFHPEHU      
-DQXDU\      
)HEUXDU\      
0DUFK      
$SULO      
0D\      
-XQH      
-XO\      
$XJXVW      
6HSWHPEHU      
$QQXDO      
Į FRQILGHQFHLQWHUYDOĮ FRQILGHQFHLQWHUYDO
Į FRQILGHQFHLQWHUYDOĮ FRQILGHQFHLQWHUYDO
 
2.1.3. Mann-Kendall Method 
0DQQ.HQGDOOWHVWLVSHUIRUPHGRQERWKDQQXDODQGPRQWKO\ZDWHUOHYHOGDWDIURPSHULRG7KHH[LVWHQFH
RIDWUHQGLVDVVXPHGWREHDQLQGLFDWRURIDFKDQJHLQZDWHUOHYHO0DQQ.HQGDOO=YDOXHVIRUDQQXDODQGPRQWKO\
ZDWHUOHYHOGDWDRI(÷LUGLU/DNHIURPWRDUHSUHVHQWHGLQ7DEOH
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$V VHHQ LQ 7DEOH  WKHUH LV D VLJQLILFDQW GHFUHDVH IRU Į  FRQILGHQFH LQWHUYDO IRU )HEUXDU\ -XO\ $XJXVW
6HSWHPEHUDQGDQQXDOURZVIURPWKHZDWHUOHYHOSRLQWRIYLHZ/LNHZLVHWKHUHLVDVLJQLILFDQWGHFUHDVHLQ-XQHIRU
Į  FRQILGHQFH LQWHUYDO 0DQQ .HQGDOO WHVW JUDSKLF IRU ZDWHU OHYHO GDWD REWDLQHG IURP (÷LUGLU /DNH VWDWLRQ
EHWZHHQDQGLVJLYHQLQ)LJXUH
0DQQ.HQGDOOWHVWJUDSKLFIRUZDWHUOHYHOGDWDREWDLQHGIURP(÷LUGLU/DNHVWDWLRQEHWZHHQDQGRQO\LQ
-XQH LVSUHVHQWHG LQ)LJXUH0DQQ.HQGDOO WHVWJUDSKLFVSUHVHQWHG LQ)LJXUHVKRZV WKDWDQQXDODQG)HEUXDU\
ZDWHUOHYHOVH[KLELWDVLJQLILFDQWGHFUHDVLQJWUHQGDQG-XQH-XO\$XJXVWDQG6HSWHPEHUZDWHUOHYHOWUHQGVH[KLELW
VRPHGHFUHDVLQJWUHQG

2.1.4. Sen Method 
/LQHDU WHQGHQFLHV RI WKH WUHQGV REVHUYHG LQ WLPH DUH FDOFXODWHG WKURXJK WKH XVH RI D QRQSDUDPHWULF PHWKRG
GHYHORSHG E\ 6HQ 7R GHWHUPLQH WKH VORSHV RI WKH DQQXDO DQGPRQWKO\ FKDQJHV LQZDWHU OHYHO GDWD FROOHFWHG E\
(÷LUGLU/DNHVWDWLRQ6HQ WHVW LVSHUIRUPHG6HQVORSHDQGXSSHUORZHU OLPLWYDOXHV IRUDQGFRQILGHQFH
LQWHUYDO RI WKH PRQWKO\ DQG DQQXDOO\ ZDWHU OHYHO GDWD IRU  SHULRG REWDLQHG IURP (÷LUGLU VWDWLRQ LV
SUHVHQWHGLQ7DEOH

)LJXUH0DQQ.HQGDOOWHVWJUDSKLFIRUZDWHUOHYHOGDWDREWDLQHGIURP(÷LUGLU/DNHVWDWLRQEHWZHHQDQG

)LJXUH0DQQ.HQGDOOWHVWJUDSKLFIRUZDWHUOHYHOGDWDREWDLQHGIURP(÷LUGLU/DNHVWDWLRQEHWZHHQDQGRQO\LQ-XQH
'DWD LQ 7DEOH  VWDWH WKDW DQQXDO )HEUXDU\ $SULO -XQH -XO\ $XJXVW DQG 6HSWHPEHU ZDWHU OHYHOV H[KLELW D
VWDWLVWLFDOGHFUHDVH WUHQG6WDWLVWLFDOO\PHDQLQJIXOGHFUHDVH WUHQG IRU -XQH Į DQG IRU)HEUXDU\$SULO -XQH
-XO\$XJXVW6HSWHPEHUDQGDQQXDOYDOXHVĮ FDQEHREVHUYHG
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:DWHU OHYHO GHFUHDVH VORSH IRU -XQH LV DSSUR[LPDWHO\ P DQG WKH H[SHFWHGPLQLPXP LV P DQG WKH
H[SHFWHGPD[LPXPLV P ,IDOOFRQGLWLRQV UHPDLQ WKHVDPH WKHQ LQDSHULRGRI\HDUV-XQHZDWHU OHYHO
GHFUHDVHFDQEHP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5HVXOWVDQGGLVFXVVLRQV
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(YDOXDWLRQRI WKHZDWHUEXGJHWRI(÷LUGLU/DNHVKRZV WKDW LQFRQMXQFWLRQZLWK)HEUXDU\ -XQH -XO\$XJXVW DQG
6HSWHPEHU PRQWKO\ UHVXOWV DQG DQQXDO UHVXOWV KDYH VLPLODU ZDWHU OHYHO GHFUHDVH 7R SUHYHQW WKH ZDWHU OHYHO DV
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LUULJDWLRQ
 &XUUHQWO\RSHUDWLRQDOLUULJDWLRQSURMHFWVVKRXOGEHUHKDELOLWDWHGE\LQWURGXFLQJPLQLPXPZDWHUXWLOL]DWLRQ
EDVHGLUULJDWLRQV\VWHPV
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